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Abstract 
 
The uranyl mineral phurcalite of formula Ca2(UO2)3O2(PO4)2.7H2O from three 
different origins has been studied by Raman spectroscopy at both room temperature 
and liquid nitrogen temperature in conjunction with infrared spectroscopy. Raman 
bands are attributed to the (UO2)2+ symmetric stretching vibrations and are 
complimented by bands assigned to the (UO2)2+ antisymmetric stretching vibrations.  
U-O bond lengths in uranyls are calculated from the wavenumbers of observed 
Raman and infrared bands.  Raman and infrared bands are attributed to the (PO4)3- 
symmetric and antisymmetric stretching vibration.  Some alternate attributions of the 
bands to the (UO2)2+ and (PO4)3- stretching vibrations are given. Coincidences of 
these bands and also of the bands related to the (PO4)3- bending vibrations and 
libration modes of water molecules are proposed. Multiple bands in the bending 
region reflect the complexity of the phurcalite structure, as does the complexity of the 
200 to 300 cm-1 region where the (UO2)2+ bending modes are expected. Three bands  
observed in the region 1590-1680 cm-1 and assigned to HOH bending modes show the 
existence of at least three different types of water molecules with different hydrogen 
bonding strengths in the phurcalite structure. In the case of the mineral sample MR5,  
infrared bands observed at 3591, 3537, 3516, 3416, 3256 and 3000 cm-1 are related to 
the OH stretching region bands. This gives rise to hydrogen bond distances of 2.920 
Å, 2.809 Å, 2.724 Å and 2.649 Å.  
 
 
Keywords: phurcalite, uranyl phosphate oxide anion topology, molecular water, 
Raman and infrared spectroscopy, uranyl bond lengths, hydrogen bonds  
 
 
Introduction 
 
 Phurcalite is a calcium uranyl hydrated phosphate of formula 
Ca2(UO2)3O2(PO4)2.7H2O [1].  It is interesting that phurcalite contains the same 
elements as autunite, i.e. Ca, U, P and water molecules. However the molar ratios of 
the elements and also single crystal structures and uranyl anion sheet topology of the 
minerals differ.  The uranyl anion sheet topology in phurcalite is close to that of 
phosphuranylite [2-5].  The mineral consists of platy crystals flattened along the [010] 
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plane and elongated along [001] and is often found as radiating aggregates [6]. The 
crystal structure is orthorhombic with the  U atoms having 7- and 8-fold dipyramidal 
coordination; the Ca is 7-fold irregularly coordinated [7]. A model of the crystal 
structure of phurcalite is shown in Figure 1. There are three symmetrically distinct 
U6+, two symmetrically distinct P5+ and two symmetrically distinct Ca2+ in the crystal 
structure of phurcalite [7-11]. The structure consists of [(UO2)3O2(PO4)2]4n-n layers 
which are connected by Ca2+ ions and hydrogen bonded water molecules.  The 
mineral may have some isomorphic substitution with arsenate [10].  It may be added, 
that Burns writes that uranyl phases in nature, i. e. uranyl minerals, exhibit 
considerable structural and chemical diversity, and reflect geochemical conditions 
dominant during their formation [12]. The mineral is not uncommon and is found in 
many parts of the world including Australia [8, 10, 13].   
 
The significance of the mineral phurcalite rests with the treatment of nuclear 
waste materials. The UO2 in spent nuclear fuels is unstable. It will oxidise and corrode 
with time [14].  This may result in the release of actinides and other fission products 
to the environment.  Importantly phosphates such as phurcalite are stable in an 
oxidising environment. It is possible to incorporate the products of the spent nuclear 
waste into phosphates. This implies the mobility of such materials would be retarded. 
Previous studies have found that incorporation of the UO2 into phosphates prevents 
the possible migration into the environment [14].  One possible waste management 
strategy is that through the reaction of the spent nuclear fuels with rock phosphate or 
sodium phosphate a range of uranyl phosphate compounds may be produced namely 
Na-autunites, phurcalite and phosphuranylite. 
 
 Raman spectra of the tetrahedral phosphate and arsenate anions in 
aqueous systems are well understood [15-18]. Raman spectra of aqueous phosphate 
oxyanions show the symmetric stretching mode (ν1) at 938 cm-1, the antisymmetric 
stretching mode (ν3) at 1017 cm-1, the symmetric bending mode (ν2) at 420 cm-1 and 
the antisymmetric ν4 mode at 567 cm-1.  In solids the position of the bands will 
depend upon the factor group analysis which in turn depends on the unit cell, the 
number of formula units in the unit cell and the degree of hydrogen bonding.  For 
example, Farmer [19] reported the infrared spectra of berlinite (AlPO4) with PO4 
stretching modes at 1263, 1171, 1130 and 1114 cm-1; bending modes at 511, 480, 451, 
379 and 605 cm-1. Al-O modes were found at 750, 705, 698 and 648 cm-1 [20]. On 
hydration of the mineral as with variscite (AlPO4.2H2O), PO4 stretching modes were 
found at 1160, 1075, 1050 and 938 cm-1; bending modes at 515, 450 and 420 cm-1; in 
addition H2O stretching bands were found at 3588, 3110, 2945 cm-1. For the mineral 
augelite (Al2PO4(OH)3), infrared bands were observed at 930 (ν1), 438 (ν2), 1205, 
1155, 1079, 1015 (ν3) and 615, 556 cm-1 (ν4). For augelite, OH stretching modes were 
not observed.  Other infrared studies have been published [21, 22].  However, studies 
of the vibrational spectrum of these minerals remain incomplete. Few Raman studies 
of any of these phosphate minerals have been published. In this work we report the 
Raman at 298 and 77 K of the phurcalite a phosphate mineral and relate the spectra to 
the mineral structure.  Infrared spectrum of the mineral phase X from Perus, related to 
phurcalite, was described by Camargo [23] and later by Atencio [8, 24], and from 
Merrivale quarry, Dartmoor, Devon [10] and Shale Hills, California [10].  The spectra 
were shown but no assignment of bands was given. 
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Experimental 
Minerals 
The mineral phurcalite (MR5) was obtained from Museum Victoria and is a standard 
reference mineral. The mineral originated from Streuberg Quarry, Bergen, 
Falkenstein, Vogtland, Saxony, Germany. Two other phurcalite samples were 
obtained from Australian sources (a) from the Maureen Prospect, Queensland 
(M37838) and (b) Rum Jungle, Northern Territory (M43446). The minerals where 
analysed for phase purity by X-ray diffraction. No minor impurities of significance 
were found in any of the three minerals used in this work. The minerals were analysed 
by EDX methods for chemical composition. The chemical compositions of phurcalite 
from different origins has been reported by Anthony et al. [25].   
Raman spectroscopy 
 
The crystals of phurcalite were placed on the stage of an Olympus BHSM 
microscope, equipped with 10x and 50x objectives and part of a Renishaw 1000 
Raman microscope system, which also includes a monochromator, a filter system and 
a Charge Coupled Device (CCD). Raman spectra were excited by a HeNe laser (633 
nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. In order to ensure that the correct spectra are obtained, the incident 
excitation radiation was scrambled.  Previous studies by the authors provide more 
details of the experimental technique. Spectra at liquid nitrogen temperature were 
obtained using a Linkam thermal stage (Scientific Instruments Ltd, Waterfield, 
Surrey, England).  Details of the technique have been published by the authors [26-
29]. 
Infrared spectroscopy 
 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.6329 cm/s. Spectral manipulation such as baseline 
adjustment, smoothing and normalisation was performed using the GRAMS® 
software package (Galactic Industries Corporation, Salem, NH, USA).  
 
Spectroscopic manipulation such as baseline adjustment, smoothing and 
normalisation were performed using the Spectracalc software package GRAMS 
(Galactic Industries Corporation, NH, USA).  
 
Band component analysis was undertaken using the Jandel ‘Peakfit’ software 
package, which enabled the type of fitting, function to be selected and allows specific 
parameters to be fixed or varied accordingly. Band fitting was done using a Gauss-
Lorentz cross-product function with the minimum number of component bands used 
for the fitting process. The Gauss-Lorentz ratio was maintained at values greater than 
0.7 and fitting was undertaken until reproducible results were obtained with squared 
correlations of r2 greater than 0.995. 
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Results and Discussion 
 
Raman and Infrared spectroscopy 
 
 The vibrational spectra of phurcalite is dependent upon the vibrating subunits 
of the mineral Ca2(UO2)3O2(PO4)2.7H2O. This includes (a) the phosphate units (b) the 
uranyl units (c) water units (d) metal-oxygen units (CaO).  Each vibrating unit will 
have its own window in which the spectra may be observed. The (UO2)2+ and (PO4)3- 
units symmetry lowering causes activation of all vibrations in Raman and infrared 
spectra and splitting of degenerate vibrations. The phosphate units are characterised 
by their symmetric stretching region in the 930 to 1050 cm-1 region and by the 
bending modes observed around the 400 to 600 cm-1 region. The uranyl units can be 
identified by intense bands at around 835 cm-1 and low intensity bands in the 890 to 
930 cm-1 region. Water units are characterised by stretching bands in the 2800 to 3800 
cm-1 region and in the bending region at around 1630 cm-1.  Infrared spectra of 
phurcalite with brief interpretations were published by Braithwaite et al. [10], Atencio 
[8], and Atencion et al. [30] (bands by Atencio are given in parentheses). A broad 
band at 3400 (3400) cm-1 with a shoulder at 3180 cm-1 and a band at 1625 (1615) cm-1 
were attributed to the ν OH stretching and δ H2O bending vibrations. Bands at 1148, 
1110 and 1063 cm-1 (1140 and 1055 cm-1) and 970 cm-1 (960 cm-1) were assigned to 
the triply degenerate ν3 (PO4)3- antisymmetric and ν1 (PO4)3- symmetric stretching 
vibrations. According to Braithwaite [10] and Atencio [8, 30], bands at 890 cm-1 (885 
cm-1) are connected with the ν3 (UO2)2+ antisymmetric stretching vibrations, bands at 
590 (broad, a shoulder) and 545 cm-1 (575 and 540 cm-1) to the triply degenerate ν4 
(PO4)3- bending vibrations. Atencio observed also bands at 385 cm-1 and 255 cm-1 
which he attributed to the doubly degenerate ν2 (PO4)3- bending vibration and to the 
doubly degenerate ν2 (δ) (UO2)2+ bending vibration, respectively.     
 
 The Raman spectra obtained in the 700 to 900 cm-1 region are shown in Figure 
2. The results of the infrared and Raman spectroscopic analyses are reported in Table 
1. Very intense bands are observed at around 800 cm-1. For phurcalite sample m37838 
two intense bands are observed at 808 cm-1 and 797 cm-1 in the 298 K spectrum with 
bandwidths of 13.2 and 10.0 cm-1. For this mineral, at 77 K bands are observed at 809 
and 799 cm-1 with significantly reduced bandwidths (4.5 and 5.3 cm-1).  These bands 
are assigned to the ν1 symmetric stretching mode of the (UO2)2+ units.  For the sample 
m43446 two bands are observed at 809 and 797 cm-1. The bands shift to 808 and 800 
cm-1 in the 77 K spectrum. The second band is of reduced intensity for this mineral 
sample suggesting there is an orientation effect. For the mineral MR5 a single band is 
observed at 808 cm-1 which shifts to 810 cm-1 in the 77 K spectrum. A low intensity 
band is observed in the 77 K spectrum at 800 cm-1.  In the Raman spectra illustrated in 
figure 3 is the 900 to 1200 cm-1 region.  A band is observed at 958 cm-1 for sample 
m37838 which may be ascribed to the ν3 antisymmetric stretching modes of the 
(UO2)2+ units.  The band is observed at 956 cm-1 in the 77 K spectrum. Two bands are 
observed for phurcalite sample m43446 at 968 and 958 cm-1 which shift to 969 and 
957 cm-1 in the 77 K spectrum. For the sample MR5 the bands are observed at 968 
(298 K) and 964 cm-1 (77 K). The band is not in the 77 K spectrum. No bands in this 
region are observed for phurcalite samples m43446 and for the sample MR5. 
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In the infrared spectra (Figure 4), bands at 914.2, 886.8 and 861.8 cm-1 (MR5), 
894.8, 885.5 and 863.9 cm-1 (M37838), and 887.7 and 862.8 cm-1 (M43446) may be 
attributed to the ν3 (UO2)2+ antisymmetric stretching vibrations, and those at 828.7 
cm-1 (MR5), 807.2 and 796.4 cm-1 (M37838), and 824.1, 809.4, 798.4 and 796.1 cm-1 
(M43446) to the ν1 (UO2)2+ symmetric stretching vibrations. The values for the 
wavenumber of the ν3 (UO2)2+ correspond to those presented for phurcalite and also 
for phosphuranylite [31]. As mentioned above, there are three symmetrically distinct 
uranyls, two symmetrically (PO4)3-, and two symmetrically distinct Ca2+ ions. This 
fact may influence the number of related bands in the Raman and infrared spectra of 
phurcalite.   
 
If  the observed bands are taken into consideration, approximate values for U-
OI bond lengths may be calculated using the two empirical relations proposed by 
Bartlett and Cooney [32] expressing the relation between ν3 or ν1 UO22+ and RU-O  in 
the uranyl units. In the region which may be attributed to the ν3 antisymmetric 
stretching vibration UO22+, this leads for the mineral sample m37838 to U-OI bond 
lengths in uranyl RU-O = 1.756 (941 cm-1), 1.764 (929), and 1.777 (910) Å, for 
m37838 to 1.732 (978 cm-1), 1.764 (929), and 1.779 (908) Å, and for MR5 to 1.729 
(982 cm-1), 1.762 (932), and 1.775 (913) and 1.793 (889) Å.  While all other 
calculated bond lengths are in good agreement with the data by Burns [2, 3, 12], the 
two calculated from the wavenumbers 978 and 982 cm-1 seem to be somewhat shorter.  
These two bands are probably related to the ν1 PO42- and/or δ U-OH. The relationship 
between wavenumbers and bond lengths is given by y = -0.0007x + 2.3941.  If we use 
this relationship for phurcalite the wavenumber values give bond distances of 1.747 Å 
(958 cm-1).  For m43446 two wavenumber positions give U-O bond distances of 
1.747 and 1.740 Å. For MR5, the bond distance was 1.740 Å.   
 
 
In the region of possible presence of bands related to the ν1 symmetric 
stretching vibration UO22+, for the mineral sample m437838 this gives 1.768 (843  
cm-1), 1.776 (835) and 1.792 (819) Å, for m40778 1.768 (843), 1.775 (836) and 1.791 
(820) Å, for m23464 1.768 (843), 1.771 (840) and 1.789 (822) Å, and for the mineral 
sample m43446 1.769 (842) and 1.779 (832) Å. These values are in good agreement 
and comparable with those published by Burns [2, 3, 12] on the basis of single crystal 
structure analysis of uranopilite (Ø 1.794 Å). Bands observed approximately in the 
region 570-680 cm-1 may be attributed to the ν4 PO43- bending vibrations and those in 
the range 700-780 cm-1 to H2O libration modes. However, there may be some 
coincidence between the phosphate bending and water libration modes.  The 
expression for the bond distances calculated from the symmetric stretching region 
band positions is y = -0.001x + 2.611. In each of the three phurcalite samples studied 
the antisymmetric stretching region gave two U-O bond distances and in the same 
way two U-O bond distances are obtained from the symmetric stretching region. The 
band position of 808 cm-1 gives a U-O bond length of 1.7956 Å.  The band at 797 cm-
1 gives a U-O bond length of 1.182 Å.   
 
 
The Raman spectra of the 900 to 1200 cm-1 region are shown in Figure 3.  
This figure displays the phosphate symmetric stretching region which is illustrated by 
the bands at 956.1 cm-1 (m37838/298 K), 956.0 (m37838/77 K), 957.6 and 967.1  
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cm-1 (m43446/298 K), 957.6 and 967.6 cm-1 (m43446/77 K), 967 cm-1 (MR5/298 K), 
and 962.4 cm-1 (MR5/77 K) which are attributed to the ν1 (PO4)3- symmetric 
stretching vibrations.  In the infrared spectra, two bands are observed in the case of all 
three phurcalite samples studied (946.3 and 970.5 cm-1, 950.4 and 970.2 cm-1, and 
950.2 and 964.2 cm-1). The question arises as to why there may be observed one or 
two bands which may be assigned to the ν1 (PO4)3- symmetric stretching modes. One 
possibility is that there are two structurally distinct phosphate units in the crystal 
structure of phurcalite. This is in agreement with the X-ray single crystal structure 
data for phurcalite. Some bands close to 1000 cm-1 and lower wavenumbers (946 –
1004 cm-1) may be also assigned to the ν1 (PO4)3- instead of the ν3 (PO4)3- based upon 
the intensities of the bands observed in this region. This interpretation is comparable 
with that for the infrared spectra of (UO2)3(PO4)2. 4 H2O, (UO2)3(PO4)2. 4 D2O, and 
(UO2)3(PO4)2. H2O [33]. 
 
The infrared spectra in the 550 to 1250 cm-1 region are shown in Figure 4.  
The spectra are a complex set of overlapping bands making the interpretation of the 
spectra difficult. However, some attempts to interpret them are included. In the range 
from 986 to 1166 cm-1, there are observed bands related to the split triply degenerate 
ν3 (PO4)3- antisymmetric stretching vibrations. Six to eight bands are observed in the 
infrared spectra of all three studied phurcalite samples which may be attributed to 
these vibrations. One band (MR5, 77 K) – 1056.7 cm-1, three bands (m37838/298 K – 
996.7, 1050.7 and 1105 cm-1, MR5/298 K – 997.6, 1104.4 and 1150.5 cm-1), five 
bands (m43446/298 – 992.2, 1000.6, 1055.2 and 1156.2 cm-1; and 77 K – 993.2, 
1002.5, 1057.2, 1112 and 1167 cm-1), and six bands (m37838/77 K – 992, 100.1, 
1049.9, 1054.5, 1112.6 and 1166 cm-1) were observed in their Raman spectra. This is 
consistent with two symmetrically distinct (PO4)3- units, 8 molecules in the unit cell, 
the splitting of the ν3 (PO4)3- caused by symmetry lowering of this tetrahedral unit, 
and factor group analysis. It makes problems to assign bands close to 1000 cm-1 and 
lower wavenumbers observed in Raman and infrared spectra (946-1004 cm-1). They 
may be probably more correctly assigned to the ν1 (PO4)3- with regards to the 
relatively strong intensities of these bands as mentioned above (this attribution agrees 
with that for (UO2)3(PO4)2. 4 H2O (Kobets and Umreyko  [33]).In the Raman spectra 
of phurcalite two bands are observed at 1106 and 1053 cm-1. These bands are assigned 
to the ν3 antisymmetric stretching vibrations.  In the 77 K spectrum of sample m37838 
the band at 1053 cm-1 is split into two bands at 1057 and 1051 cm-1. The observation 
of two bands supports the concept that there are two independent phosphate units in 
the phurcalite structure. Other very low intensity bands are observed at around 1166 
cm-1. The position of this band is difficult to determine. 
 
 The Raman spectra of the low wavenumber region are shown in Figure 5.  A 
band is observed at 549 cm-1 in each of the spectra and is assigned to the ν4 bending 
mode.  Some small variation in the peak position is observed and there is a shift to 
higher wavenumbers upon cooling to liquid nitrogen temperature. The band is 
observed at 548 cm-1 for sample m43446 at 298 K and is found at 552 cm-1 for the 
spectrum obtained at 77 K. The spectra reported in Figure 4 do show the spectra 
coming off a peak below 550 cm-1 the cut-off for the ATR cell which is probably the 
infrared spectrum of the phosphate ν4 band which should be intense in the infrared 
spectrum.  It may be assumed that practically all or most of the infrared and Raman 
bands observed in the region from 524 to 640 cm-1 are connected with the split triply 
degenerate ν4 (PO4)3- out of plane bending vibrations.   
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 The spectra centred around 430 cm-1 is complex. The region between 390 and 
450 cm-1 represents the ν2 bending region of the phosphate units. This region is 
complex. There are at least four bands in each of the 298 K spectra of samples 
m37838 and m43446.  For sample m37838 four bands are observed at 445, 430, 408 
and 399 cm-1. In the 77 K spectrum of this mineral bands are observed at 446, 432, 
409, 398 and 384 cm-1. These bands are assigned to the ν2 bending modes.  The 
number of bands reflects the complexity of the phurcalite structure. In the unit cell 
four non-equivalent phosphate units are found, leading to multiple ν2 bending modes.  
In the chemical formula of phurcalite, two types of symmetrically distinct and 
structurally  non-equivalent phosphate units are found, and eight phurcalite formulas 
are included in the unit cell, thus leading also to multiple ν2 bending modes. Raman 
bands, observed in the range from 400 to 490 cm-1, may be therefore attributed to the 
split doubly degenerate ν2 (PO4)3- in-plane bending vibrations. Raman bands with 
wavenumbers lower than 400 cm-1 may be connected with ν(U-OPO3), ν2 (δ) (UO2)2+, 
δ (UO2)2+-OPO3, and Ca-O stretching and bending vibrations.   
 
The infrared spectra of the 1300 to 1800 cm-1 region are shown in Figure 6. 
The infrared spectra of the three phurcalite samples are very similar.  Two bands are 
observed at around 1657 and 1620 cm-1.  These bands are attributed to the water 
bending mode. Since two bands are observed, two types of water exist in the 
phurcalite structure (refer Figure 1) namely strong hydrogen bonded water as 
evidenced by the band at 1657 cm-1 and weakly hydrogen bonded water as evidenced 
by the band at ~1620 cm-1.  The spectra also show a broadish band at around 1595  
cm-1. This band is attributed to non bonded water in the phurcalite structure.  In 
addition to these water bending modes a broad band is observed at around 1450 cm-1. 
This band may be assigned to a uranyl OH deformation mode. The observation of this 
band may suggest that there are some hydroxyl units in the phurcalite structure.  
However in the formula of the mineral no such units are shown. The presence of 
(OH)- ions in the crystal structure of phurcalite, located partly [2(OH)-] in the uranyl 
anion sheets and partly [2(OH)-] together with four water molecules in the interlayer, 
all participating in the hydrogen-bonding network, was proposed by Piret and 
Declercq [7]. However, according to Silva [34], Atencio [8, 30], there are no (OH)- 
ions present in the crystal structure of phurcalite. Instead of them, two (O)2- are 
located in the uranyl anion sheets and seven water molecules in the interlayer, most of 
them coordinated to Ca2+ and practically all hydrogen bonded. Revised calculation of 
bond-valence parameters, in which bond-valence data for U6+-O in pentagonal and 
hexagonal dipyramidal uranyl coordination polyhedra by Burns et al. [3] and bond-
valences by Brown and Altermatt  [35] [for details see Brown 2002 and information 
included [36]] were applied, supports this conclusion.   
  
 
 The observation of water bending modes ascribed to different types of 
hydrogen bonded water is reflected in the OH stretching region displayed in Figure 7. 
There is a strong similarity between the infrared spectra of all three phurcalite 
samples. For sample MR5 bands (the standard type mineral) are observed at 3591, 
3537, 3516, 3416, 3256 and 3000 cm-1. The last four bands may be attributed to the 
water HOH stretching modes. The observation of four bands gives an indication of the 
strength of the hydrogen bonds formed between the water and the phosphate units in 
the phurcalite structure.  If we use a Libowitzky type empirical formula [37] which 
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relates the position of the infrared band of the OH stretching vibrations and the 
hydrogen bond distance, an estimate of the hydrogen bond distances can be made. 
Thus hydrogen bond distances of 2.920 Å (3516 cm-1) 2.809 Å (3416 cm-1) 2.724 Å 
(3256 cm-1) and 2.649 Å (3000 cm-1) are obtained. The infrared spectra clearly show 
that there are selected energy levels of the hydrogen bonds in the structure of 
phurcalite.  Such information is not easily obtained and is extremely rare for minerals 
such as phurcalite. XRD gives some concept of where the protons may be positioned 
in the structure and only the technique of neutron activation analysis can provide 
precise readings. Infrared spectroscopy using OH stretching bands does give an 
estimate of the hydrogen bond distances. Some infrared and Raman bands observed 
especially in the 400-500 and 600-800 cm-1 may be attributed to the libration modes 
of water molecules which support the existence of a hydrogen bonding network in the 
crystal structure of phurcalite. Coincidence of some of these vibrations with the 
(PO4)3- bending vibrations may be expected. Raman bands near 1900 cm-1 may be 
probably connected with overtones or combination bands. This may be probably also 
the case of some Raman and infrared bands in the region approximately from 1250 to 
1550 cm-1.    
 
Conclusions 
 
Three phurcalite mineral samples of different origins were studied by Raman 
spectroscopy at 298 and 77 K and compared with their infrared spectra. Assignments 
of the ν1 and the ν3 (UO2)2+ stretching and the split doubly degenerate ν2 (δ) bending 
(UO2)2+ vibrations, the ν1 and the split triply degenerate ν3 (PO4)3- stretching 
vibrations and the split double degenerate ν2 (δ) in-plane and the split triply 
degenerate ν4 (δ) (PO4)3- out of plane bending vibrations were given together with the 
ν OH stretching and ν2 (δ) bending vibrations and libration modes of water 
molecules. Alternative assignments of observed bands to the vibrations of the uranyl 
and phosphate units were also included. A hydrogen bonding network was observed 
in phurcalite, and O-H…O hydrogen bond lengths of some water molecules were 
inferred. Coincidences of the uranyl and phosphate stretching vibrations and also of 
phosphate bending vibrations and water molecules libration modes are assumed.  
 .    
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Maureen prospect QLD 
  
  
Rum Jungle NT 
  
  
Bergen, Saxony, Germany 
  
M37838 M434476 MR5 
Infrared Raman Infrared Raman Infrared Raman 
298 298K 77K 298 298K 77K 298 298K 77K 
Band 
 (cm-1) 
Band 
 (cm-1) 
Band 
 (cm-1) 
Band 
 (cm-1) 
Band 
 (cm-1) 
Band 
 (cm-1) 
Band 
 (cm-1) 
Band 
 (cm-1) 
Band 
 (cm-1) 
FWHM 
 (cm-1) 
FWHM 
 (cm-1) 
FWHM 
 (cm-1) 
FWHM 
 (cm-1) 
FWHM 
 (cm-1) 
FWHM 
 (cm-1) 
FWHM 
 (cm-1) 
FWHM 
 (cm-1) 
FWHM 
 (cm-1) 
3693.5   3695.7        
20.2   22.8        
3660.4   3660.7        
31.0   32.2        
3612.5   3614.3        
58.2   27.5        
    3611.4   3591.3    
    97.1   54.6    
3533.0   3531.4   3537.0    
37.8   43.7   35.0    
    3493.0       
    31.0       
3343.9   3355.4        
63.8   41.6        
  1905.9 1905.1   1906.6 1904.8   1905.2 1904.8 
  12.8 13.5   18.9 14.1   18.6 16.6 
1657.6   1657.4   1678.1    
40.8   43.9   31.9    
1619.8   1620.5   1656.9    
35.7   35.4   28.5    
1340.0  1379.8    1379.9 1360.5    
48.3  35.3    35.4 51.3    
   1270.6    1272.6      
   38.3    36.2      
1148.2  1166.0 1149.8 1156.2 1167.0 1146.2 1150.5   
27.4  30.3 26.5 34.0 32.5 37.7 32.7   
    1127.1   1126.7    
    17.5   14.3    
1109.6 1106.0 1113 1110.0 1106 1113 1106.2 1106 1113  
27.4 12.1 10.6 18.0 7.6 7.8 33.2 8.9 22.0  
1079.5       1085.4    
33.5       23.6    
1051.8 1053 1053 1061.5 1056 1058  1059 1058 
36.0 17.1 15.6 62.1 12.9 9.2  49.4 21.8 
1024.2  1049.9 1026.7   1029.1    
32.5  7.9 33.5   20.2    
997.4 997 1001 1003.9 1001 1002 1002.2 998 1001 
27.1 15.0 6.4 25.4 9.3 5.2 15.2 15.8 13.7 
   992 993.5 992 993      
   10.4 5.5 10.4 7.1      
    986.1   971.8    
    26.8   13.3    
970.5 958 956 970.2 968 969 964.2 968 964 
25.3 24.8 16.7 14.4 9.7 6.0 94.0 28.4 26.1 
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946.3   950.4 958 957 950.2    
35.6   43.3 7.9 5.7 34.7    
914.2 895.4  894.8        
11.4 6.3  10.8        
886.8   885.5   887.7    
39.9   23.0   28.4    
861.8 870.3 867.3 863.9 864.2 864.4 862.8 864.8 864.1 
30.0 15.3 18.9 64.0 20.2 11.6 51.4 23.8 15.0 
    857.4        
    6.1        
828.7  824.1 839.0   821.9  822.3 
75.6  18.5 196.1   116.0  19.1 
  808.0 809.4   809.0 810.3 802.4 808.0 810.0 
  14.3 8.2   11.0 7.1 13.5 15.2 13.6 
  797.0 799.0   797.1 800.0   805.4 800.0 
  13.5 9.7   18.4 8.2   34.0 7.9 
       791.2      
       23.3      
774.7  771.6 780.4   777.6  782.0 
34.3  7.8 9.7   18.8  91.8 
747.4   745.3        
29.5   32.5        
   699.5 687.0  714.1      
   48.9 43.0  59.4      
   601.4 637.7        
   15.7 101.6        
   560.2 568.6   581.0    
   11.0 51.1   41.2    
  545.4 546.9 538.8 544.0 549.4 542.8 545.3 547.6 
  34.7 26.2 27.2 37.8 26.2 13.1 31.7 41.1 
525.1   528.2       
0.8   10.8       
524.6  489.8    487.3    487.9 
151.7  18.7    15.5    46.3 
   469.0          
   55.4          
   452.7    454.8      
   14.8    21.5      
  443.6 446.3   443.8 446.5    444.7 
  28.6 8.5   24.2 6.8    29.2 
  429.6 431.7   431.6 434.5   429.3 432.7 
  16.4 11.7   16.9 10.5   47.9 13.4 
   425.9          
   7.9          
  407.1 408.6   408.6 411.3    409.3 
  12.7 11.3   18.5 8.4    16.9 
  404.0           
  43.1           
  389.5 392.7   390.0 391.9   392.4 391.1 
  5.3 13.1   16.7 16.8   20.9 17.5 
   381.7    382.2      
   8.7    5.6      
   364.7        369.0 
   2.0        66.7 
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  355.8 361.1          
  17.7 15.9          
  330.2 338.0          
  7.5 21.3          
   307.9    308.2      
   9.8    9.9      
  285.3 285.0   284.8 288.6   285.9 286.7 
  10.0 16.3   14.1 4.7   28.8 14.2 
       286.2      
       20.2      
  271.9 272.4   271.7 273.0    272.7 
  12.9 10.1   9.4 7.0    9.8 
   258.9    261.9    257.0 
   11.3    10.8    12.6 
  253.1    253.2    250.1 248.3 
  7.2    36.0    44.1 42.0 
  245.9 243.8    246.5      
  47.1 15.7    35.6      
   236.4   235.2 239.7      
   8.2   15.2 5.1      
  218.4 221.6   219.1 224.2      
  13.6 19.5   17.9 8.6      
       214.9   212.6 211.5 
       13.2   35.6 20.5 
  204.1 205.7   204.2 208.6   194.6 196.3 
  14.8 9.5   14.7 4.6   8.4 13.2 
 
Table 1 Table of infrared at 298 K and Raman spectroscopic data at 298 and 77 
K. 
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Figure 1 Model of the structure of phurcalite 
 
Figure 2 Raman spectra of phurcalite at 298 and 77 K in the 700 to 900 cm-1 region 
 
Figure 3 Raman spectra of phurcalite at 298 and 77 K in the 900 to 1200 cm-1 region 
 
Figure 4 Infrared spectra of phurcalite in the 550 to 1250 cm-1 region 
 
Figure 5 Raman spectra of phurcalite at 298 and 77 K in the 150 to 600 cm-1 region 
 
Figure 6 Infrared spectra of phurcalite in the 1300 to 1800 cm-1 region 
 
Figure 7 Infrared spectra of phurcalite in the 2400 to 3800 cm-1 region 
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Figure 1 Model of the structure of phurcalite 
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